ABSTRACT
INTRODUCTION
Graves ophthalmopathy is a potentially vision-threatening illness that often leads to functional disability and social impairment.
1,2 The soft tissue swelling, eyelid retraction, proptosis, and strabismus associated with Graves ophthalmopathy often result in tearing and keratopathy from corneal exposure, ocular motility disturbance and diplopia from extraocular muscle involvement, reduced visual acuity from keratopathy or optic nerve compression, and physical disfigurement as a consequence of overt strabismus, proptosis, and soft tissue changes. [1] [2] [3] [4] [5] Despite medical or surgical intervention in the treatment of the ophthalmopathy, the disease imparts permanent physical disfigurement and functional disability that negatively impact the patient's psychosocial well-being and feelings of wellness. 2, 6 Although the thyroid hormone dysfunction that often accompanies this disease may be treated satisfactorily, it is the ophthalmopathy that is most difficult to treat and often renders the patient functionally and socially disabled.
Although the physical signs of Graves ophthalmopathy can be measured, how each parameter impacts activities of daily living or psychosocial function is not known. Alterations in visual acuity and the severity of proptosis, strabismus, and eyelid retraction can be objectively measured, but the degree to which they affect a patient's feelings of wellness in part, or as a whole, has not been defined. Disease severity scores based on objective clinical data have been developed that attempt to measure the clinical severity of the disease state. 7 The NO SPECS classification 8, 9 is, perhaps, the most well known, although others have been formulated. [10] [11] [12] [13] [14] [15] These scales of disease severity have not been widely adopted because of the difficulty in creating a disease index score that correlate with disease activity and patient morbidity. 7, 16 Similar poor correlation has been encountered when comparing a measure of quality of life with measures of disease severity. 17 Assessment of quality of life associated with health states has become increasingly important in health care over the past two decades. A measure unheard of 20 years ago, quality-of-life instruments are included in most clinical trials today. 18 The wide acceptance of the concept of quality of life affirms the notion that the physician's ultimate concern is the well-being of the whole person, not necessarily the improvement of a biomedical parameter. This places evaluation of therapeutic benefit in the context of a patient's culture and value systems and in relation to the patient's goals and expectations. 19, 20 Whereas most will agree that quality of life is an important outcome and benefit of treatment, the best method of measuring this concept is debatable. Quality-of-life instruments, often in the form of questionnaires or interview techniques, must be valid and reliable, easily administered and analyzed, and provide a determination of the patient's feeling of well-being. 21 Many such instruments have been developed.
Quality-of-life instruments classified as "generic" attempt to measure general health across all diseases and populations and are divided into two groups-those that attempt to measure general health [22] [23] [24] [25] [26] and those that are disease-specific. [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] Instruments classified as "disease targeted" assess the health concerns and psychosocial well-being known to be relevant to a specific disease; they 
METHODS

QUALITY-OF-LIFE QUESTIONNAIRE
This study was approved by and performed under the auspices of the Institutional Review Board of Wake Forest University School of Medicine. A questionnaire was developed containing 105 questions regarding quality of life related to (1) general and mental health (Short Form, or SF-12); (2) self-perception and social functioning (adapted from the Dermatology-Specific Quality of Life Questionnaire, or DSQL); (3) general visual function (51-item NEI-VFQ); and (4) visual function specific to Graves ophthalmopathy (see Appendix 1 and Appendix 1 Table) . The questionnaire was sent to all patients of record with a diagnosis of Graves ophthalmopathy who were greater than 18 years of age and were seen between January 1990 and April 1998 in our university-based oculoplastic clinic. Of the 325 questionnaires mailed, 203 were returned and were suitable for analysis. Twenty-one questionnaires were returned because of change of address or because the patient was deceased. For statistical analysis, this group is henceforth referred to as the convenience sample. Additionally, 53 consecutive patients who presented to the clinic for examination between October 2001 and May 2002 as new patient registrants with a diagnosis of Graves disease or Graves disease patients who had not previously completed the questionnaire were administered the questionnaire and are henceforth referred to as the case series. The convenience sample and case series were statistically compared to assess respondent bias of the convenience sample with the goal to combine the groups into a single Graves study group (n = 256) if appropriate. The case series and convenience samples were compared in regard to common demographics such as age, gender, and race, as well as patient responses, eye symptoms, and comorbidities. Chi-square tests, Fisher exact tests, and analyses of variance (ANOVAs) with multiple comparisons were conducted where appropriate.
Also assessed were 33 healthy subjects greater than 18 years of age who had no history of Graves disease or thyroid disorder (control group). The control group represented the readily identified and accessible employees or volunteers of the Wake Forest University Eye Center. The results of questions related to general health, mental health, and general visual function were compared to normal subjects and to national norms for visually impaired populations. Individual health-related quality-of-life components of the NEI-VFQ were compared between the Graves study group and the control group by use of t tests. VFQ-25 scores for visually impaired groups were used when necessary to compare to data derived from the Graves disease study cohort. The VFQ-25 is a shortened questionnaire derived from the 51-item NEI-VFQ used in the study and is highly correlated with this longer survey.
Questions regarding self-perception and social functioning have been validated elsewhere 34 ; however, these questions and questions regarding visual impairment specific to Graves ophthalmopathy were further validated against the control subjects. The pattern of HR-QOL in the Graves study group was analyzed among different gender and age-groups. The t tests were performed to compare males and females in the study group with regard to the individual components of the NEI-VFQ. ANOVAs were used to compare mean HR-QOL scores across different age-groups, and any difference found was investigated by conducting multiple comparison tests.
CORRELATION OF QUALITY OF LIFE WITH CLINICAL SEVERITY OF DISEASE MEASURES
Correlation of individual questionnaire items to measures of clinical severity was assessed in order to establish a short questionnaire with clinical disease severity correlation. Patients were assessed in regard to the presence and severity of compressive optic neuropathy, exposure keratopathy, myopathy, and cosmetic concerns. Points were assigned to each factor related to each of the four clinical components of Graves ophthalmopathy and were summated to establish a separate point score for neuropathy, myopathy, keratopathy, and cosmesis by expert raters who did not have knowledge of the patient's quality-of-life questionnaire data (Appendix 2). Each component score was assigned to one of five categories. A score of zero indicated the absence of clinical findings related to the individual component. A sum of greater than 1 indicated the presence of clinical findings related to a component and was assigned to one of four levels of clinical severity: ie, mild, moderate, moderately severe, and severe. The higher the score, the greater severity of disease. The clinical severity scores for each of the four clinical components were subsequently correlated with scores of individual items in the Graves quality-of-life questionnaire.
ITEM DEVELOPMENT PROCESS FOR DEVELOPMENT OF A GRAVES OPHTHALMOPATHY QUALITY-OF-LIFE SCALE
To select the most appropriate items to compose a Graves quality-of-life scale, a pool of candidate items from the quality-of-life questionnaire was chosen based on appropriate response scales (five or more responses), no excessive skewness, few missing values, and face validity as to their applicability in measuring Graves disease-related quality of life. A comprehensive search was then performed to select those items that best correlated with the Graves disease severity scales and those that best discriminated between mild and moderate scorers based on the Cohen effect size with a pooled standard deviation. Optimally, items were selected that correlated best, discriminated best, and, in addition, possessed good face validity. Questionnaire items were assigned points based on (1) correlation rank (the best correlated item received 10 points, the tenth highest received 1 point); (2) discriminating rank (the best discriminator received 10 points, the tenth highest received 1 point); and (3) good face validity (3 points). Items that exceeded 10 points were selected for consideration for inclusion in the scale.
A factor analysis using the principal factor method was conducted in order to assess the unidimensionality of the remaining items as well as their loadings on the main factor. Selected items were excluded because of a high nonresponse rate, lower item-to-total correlation, and low factor loadings. The convergent validity of the final Graves disease quality-of-life scale was subsequently assessed by examining its correlations with the VFQ-25 scale and the clinical severity scores.
RESULTS
The case series and convenience sample show no statistical difference with respect to age, race, gender, ocular disease, or other healthrelated comorbidities (Tables 1 through 7) . When evaluating across cohorts, a Fisher exact test fails to reject the hypothesis that race proportions are different. A chi-square test rejects the hypothesis that proportions are equal across gender (P = .0432) at α = .05. A t test between the proportions of case series and convenience sample is not significant at alpha = .05. The case series and the convenience sample are combined to form the Graves study group. An ANOVA for age followed by Tukey multiple comparisons shows that the mean age of the case series and convenience sample is significantly different from the mean age of the controls, P = .005. Chi-square tests and Fisher exact tests comparing prevalence of comorbidities in both groups yield no significant results at α = .05. Tables 8 and 9 show descriptive statistics for the VFQ and the mean subscores for the case series and convenience sample. Comparison of the responses of the case series and the convenience sample shows no statistical difference by t test. By all measures, the case series and convenience sample are statistically indistinguishable and therefore were subsequently combined to form the Graves study group for further investigation (Table 10) . Tables 11 and 12 show VFQ-25 norms and compare them with the means scores of the Graves study group, control group, and other visual impairment benchmarks. Except for the general health and color vision scores, the Graves study group means for all other quality-of-life categories are significantly less than the reference group scores using the Tukey-Kramer method (P < .001). In addition, the Graves study group mean for ocular pain is significantly less than the norm for the ocular diseases (P < .001), implying a greater degree of ocular pain. The overall VFQ-QOL mean for the Graves study group is found to be significantly lower than the glaucoma norm (P < .001), the cytomegalovirus retinitis norm (P = .0126), and the reference group mean (P < .001), but significantly higher than the low-vision groups (P < .001) published for this instrument. 44 We also find differences when comparing patient gender and age-groups of the Graves study group. Tables 13 and 14 show the results for the comparison of gender groups for the Graves study group and the control. Mean total VFQ and component scores for men and women in the Graves study group are not statistically different, except when comparing color vision (P = .0076). Selfperception was lower among women than men (P = .0187). A comparison of age-groups (Table 15 ) using an ANOVA F-test suggests that means among several age-groups are significantly different for the VFQ-25 mental health score, the VFQ role development score, the SF-12 physical component (PCS), the SF-12 mental component (MCS) , and the self-perception scale at α = .05. Pairwise comparisons using the Tukey-Kramer method for multiple comparisons suggest that the mean VFQ mental health of the 35-to 50-year age-group and the 50-to 60-year age-group is significantly lower than the mean of the 60+ age-group (P = .037 and P = .0042, respectively). The same procedure shows that the 60+ age-group PCS-12 (P = .017) and self-perception means (P = .0040) are significantly different from the means of the 35-to 50-year age-group, and the self-perception means are significantly different when comparing the 60+ and 50-to 60-year age-groups (P =.0007). Although none of the pairwise comparison of means of the role development VFQ score is significant when using the Tukey-Kramer test, utilizing Scheffe's method for testing contrasts shows that the mean role development for the 50-to 60-year agegroup is different from the average of the other means (P = .0027). Table 16 shows the difference in means for several eye disease-related quality-of-life measures between the Graves study group and the control group, as well as a corresponding effect size difference (the difference in means divided by the standard deviation of the control group). Comparison by t tests of both mean and effect size differences suggests that the quality of life of the Graves study group is statistically and substantially less than the quality of life for the control group. This difference is highlighted in Table 17 , where the means between both groups across the HR-QOL measures can be compared side to side. All of the measures, including the total VFQ and all the individual VFQ-25 subscores, the SF-12, the self-perception, and the social desirability scales, are statistically significant, implying lower quality of life for the Graves study group.
Clinical severity scores were derived by assessment of disease severity from clinical examination of the individual patients. Mean scores for the four assessments or clinical scales are shown in Table 18 . Each scale was additionally categorized into mild, moderate, moderate-severe, and severe; the higher the score, the more severe the disease.
Figures 1 through 4 plot severity scores versus the total VFQ scores. Of all the four severity scores, neuropathy is most highly correlated (r = -.39) with the VFQ-25 than the other severity measures, with myopathy (r = -.23) and cosmesis (r = -.24) being next in magnitude and keratopathy having the lowest correlation (r = -.14). The figures suggest that the high neuropathy scores are more likely to be present with decreased quality of life. In order to develop the quality-of-life scale related to Graves disease, Tables 19, 20,  and 21 show the quality-of-life-related items that correlate and discriminate best with the neuropathy, cosmesis, and myopathy disease severity measures. Keratopathy was excluded from consideration because of its lower correlation with quality of life as well as its high correlation with cosmesis severity (r = -.74). None of the other severity indicators were highly correlated among each other; the next highest correlation is between myopathy and cosmesis (r = -.40). 
FIGURE 1
Scatter plot of myopathy severity scores versus quality of life in Graves study group. Pearson correlation = -.23; regression slope significant at α = .001, P =.0007.
FIGURE 2
Scatter plot of neuropathy severity score versus quality of life in Graves study group. Pearson correlation = -39; regression slope significant at α = .001, P < .0001. Table 22 shows the proposed scale assessing Graves disease quality of life using the item selection method described in Tables 12  through 14 . The internal consistency of the resulting scale is 0.89. Some candidate items that performed well based on the criteria described in these tables, such as Q18, Q12, and Q32, were dropped from the analysis because they decreased the overall reliability of the scale, had low item-to-total correlation, or suffered from excessive nonresponse. Table 22 also shows the factor loadings from factor analysis conducted on the item set. Only one factor was selected based on examining the screeplot of factor eigenvalues and using the Kaiser greater than one criterion.
This main factor explains approximately 58% of the variance.
Finally, Table 23 shows the descriptive statistics of this proposed scale and a comparison with the overall VFQ score. The means, standard deviations, ranges, and skew are similar. As expected, the correlation between the proposed Graves disease quality-of-life scale and the severity scores is stronger than the correlation between the VFQ and the severity measures.
FIGURE 3
Scatter plot of cosmesis severity score versus quality of life in Graves study group.
Pearson correlation = -.24; regression slope significant at α = .001, P = .0003.
FIGURE 4
Scatter plot of keratopathy severity score versus quality of life in Graves study group. Pearson correlation = -.14; regression slope significant at α = .05, P = .0407. *Fisher exact test comparing control to Graves study group was significantly different for arthritis and rheumatism (P = .0329) and other major health problems (P = .0429) *Mean (SD) is shown. Overall means significantly different at α = .01. Social desirability norms for acne population = 0.93 (1.03). Self-perception norms for acne population = 1.52 (1.12). †Significantly different from Graves study groups means with adjusted Tukey-Kramer P < .05. ‡Significantly different from Graves study groups means with adjusted Tukey-Kramer P < .01. §Significantly different from Graves study groups means with adjusted Tukey-Kramer P < .001. †Means significantly different at α = .05, P =.463. ‡Means significantly different at α = .05, P =.0197. §Means significantly different at α = .05, P = .0208 ¶Means significantly different at α = .01, P = .0043 #Means significantly different at α = .001, P = .0002 †Control significantly different from convenience and case series samples at α = .001 using Dunnett's method (one-sided) ‡Control significantly different from convenience sample at α = .01 and case series at α = .05. §Control significantly different from convenience sample at α = .01 and case series at α = .01. Control significantly different from convenience sample α = .001 and case series at α = .01. *Discrimination assessed by ranking for largest Cohen effect size difference between mild neuropathy and moderate or severe myopathy (grouping due to small sample size). †Items expected to associate best with myopathy. ‡Scoring formula for best scorers: add points for correlation and discrimination plus rank plus three points if item is in face validity list.
§Scoring formula for worst scorers: add points for correlation and discrimination rank plus three points if item is not in list. 
DISCUSSION
Patients with Graves ophthalmopathy frequently experience cosmetic disfigurement and functional disability. [1] [2] [3] [4] [5] Pain, proptosis, ocular injection, swelling of the eyelids, grittiness of the eyes, diplopia, and, less often, blindness may result from this inflammatory orbitopathy. Although many of the signs of Graves ophthalmopathy can be objectively measured or quantified, the effect of the disease on the patient's overall well-being or health-related quality of life is less defined and has only recently been studied. 6 Gerding and associates 56 investigated the quality of life in a cohort of 70 consecutive patients with Graves ophthalmopathy using a general questionnaire composed of 24 questions from the Medical Outcomes Study (MOS-24) and three subscales of the SIP. Comparison to a large published reference group showed low scores in the categories of physical functioning, social functioning, mental health, health perceptions, and bodily pain when compared with the reference group. Notably, the MOS-24 and SIP scores did not correlate with the duration, severity, or activity of the Graves ophthalmopathy, suggesting the negative impact of the disease may not be related to the usually assessed clinical parameters.
Gerding's finding of a decreased quality of life in patients with Graves ophthalmopathy cannot be understated; however, findings using a generic health status questionnaire for vision-related disease may be questioned, not only because of the lack of correlation with clinical parameters of disease severity, but also because of the perceived insensitivity of generic questionnaires to visual changes and/or treatment effects. Terwee and colleagues 53 have attempted to develop a disease-specific quality-of-life questionnaire for patients with Graves ophthalmopathy using vision-specific questions in an effort to evaluate the patient's functional ability and overall well-being or health-related quality of life. The questionnaire was composed of items selected a priori from a variety of vision-related quality-of-life instruments, including the VF-14, AVDS, and the Vision Related SIP (VR-SIP), that were considered relevant for patients with Graves ophthalmopathy. Questions were added that explored the psychosocial consequences associated with changed appearance in this disease. Items were assigned to one of two groups, visual function or appearance, based on face value and correlation scores. The questionnaire was validated against subscale scores of the MOS-24 and SIP. Overall quality of life was reduced; however, severity of disease assessed by the NO SPEC classification correlated only moderately with visual functioning and had low correlation with appearance. The questionnaire design did not permit comparison to other visually impaired groups.
In this study, a battery of previously validated questionnaires was used that permitted comparison of a Graves disease cohort to other groups representing a variety of illnesses and, specifically, comparison to other visually impaired groups. The instruments used included the 51-item NEI-VFQ, 43 the 12-item SF-12, 22, 23 an adapted version of the DSQL, 34 and questions specific to Graves disease. Considering possible vision-specific instruments, very few questionnaires represent true multidimensional constructs that define a person's subjective perception of the impact of health status on physical, psychological, and social functioning and well-being. 18, 19 The 51-item NEI-VFQ is one of these, representing a validated vision-specific questionnaire that approaches a multidimensional assessment of health-related quality of life. It was used in our questionnaire construct because of its design, as well as its utility and validity in assessing quality of life of the visually impaired in a variety of vision-related diseases. The shorter-version VFQ-25 has been found comparable to NEI-VFQ 44 ; however, the more lengthy version was chosen for completeness and to subsequently establish a valid shorter construct for assessment of quality of life in Graves disease.
As a generic instrument of quality of life, the SF-12 complemented the vision-specific NEI-VFQ. The utility of the SF-12 is due to the relatively few items (to be added to a relatively lengthy questionnaire) as well as its frequent use and validity as a quality-of-life instrument. The DSQL was originally designed to assess the psychosocial consequences of acne. Both the acne and the Graves ophthalmopathy patients have concerns regarding appearance, and it would appear, on face value, that a validated instrument addressing this issue in the acne patient may have applicability in assessing the psychosocial consequences of Graves ophthalmopathy. Scales regarding social desirability and self-perception found in the DSQL are pertinent to an assessment of the quality of life of Graves disease patients, where the sequalae of the disease may be visually apparent to others, resulting in feelings of embarrassment and lack of self-confidence, leading to compromise in social interaction with others. Finally, Graves disease-specific questions were included to assess the following: (1) habits known to exacerbate ophthalmopathy (ie, smoking), (2) history of prior surgical intervention as a result of ophthalmopathy, and (3) symptoms related to exposure keratopathy that may affect visual function and quality of life.
The questionnaire was originally sent to all patients seen at the Wake Forest University Eye Center (representing the convenience sample), and there was a 62% response rate. Of the 122 patients who did not respond (38% nonrespondents), 21 questionnaires were returned to sender because of a recent change of address or because the patients were deceased. No effort was made to contact nonrespondents.
Although a 62% respondent rate may be considered an excellent response to a mailed survey, there was concern regarding possible study bias if only patients with significant ophthalmopathy were motivated to respond. The questionnaire was subsequently administered to 53 consecutive patients presenting for evaluation who were new patient registrants or who had not previously completed the questionnaire (case series). There were no significant differences between the convenience sample and the case series. This result would support the conclusion of Wolffsohn and colleagues, 59 who investigated the most reliable method to implement a quality-of-life instrument. They found that postal implementation was the most cost-effective method, and the patients with greater visual impairment were no less likely to complete the questionnaire when implemented by post (ie, mail) than by interview. There was also no apparent bias from other people assisting them. Because there was no significant difference in the demographics, comorbidities, or response to the questionnaire of the convenience sample and case series, the two groups were combined for further statistical analysis (Graves study group).
The questionnaire results show a statistically significant lower score for all measures of quality of life when compared to a control group. These measures include all subscores of the NEI-VFQ except color vision; both the physical and mental components of the SF-12; and the self-perception and social desirability scales. The overall lower quality of life (summary score for each component) was neither age-nor gender-specific. These findings were not surprising when considering the consequences of Graves disease on visual function and cosmesis.
Although the decline in quality of life in Graves disease was not gender-specific, female gender was associated with a greater decline in self-perception. A decline in self-perception suggests that the disease affects a patient's self-confidence and indicates frustration, anger, and concern about others' negative appraisals of them. The decline in social desirability was observed in both men and women, indicating an effect of the disease on personal relationships, social interaction, and group activities. Male gender was associated with a decrease in color vision.
In regard to age, subscores for general health, general vision and visual functions, and dependency measures were similar across all age-groups. Role development, however, was preserved in the younger age cohort (20 to 34 years) when compared to all other age-groups. Role development queried opinions about one's accomplishments. The score suggests that such a concern may not be perceived by the younger-aged Graves patient, or at least relatively young patients did not feel that the disease limited one's future personal and social development. Such a limitation was perceived by the older Graves patient. Mental health scores were overall lower in the Graves disease cohort when compared to the control group and declined to a significantly greater degree in the 50-to 59-yearold group, as did the self-perception scale in the greater than 60-year-old group. Although this latter finding may be interpreted as secondary to perceptions of advancing age with associated physical limitation, these differences could not be explained by the younger age of the control group when compared to the Graves study group. Notably, there is no significant difference between the healthrelated comorbidities of the control group and the Graves study group, and additionally, when mean scores are adjusted for age, the difference in quality-of-life measures between the Graves study group and the control remains statistically significant.
The Graves study group showed a greater number of ocular disease-related comorbidities than the control group. It is unlikely that other ocular disease comorbidities played a significant role in the reduced quality of life because the number of Graves patients afflicted with ocular disease comorbidities was small. In the Graves study group, the most frequent ocular disease comorbidities were cataract in 26 patients (10%), followed by glaucoma in 11 patients (4%) and macular degeneration in 8 patients (3%). Cataract, glaucoma, and macular degeneration are more commonly observed in the elderly patient. The health-related quality of life in the Graves study group was reduced in all age-groups, suggesting minimal effect of these diseases on the assessment of quality of life in the Graves disease study cohort.
The use of the NEI-VFQ or its shortened sister version, the VFQ-25, permits comparison to other visually impaired groups and national norms. Overall, patients with Graves disease are most comparable to patients with diabetic retinopathy across all measures of the VFQ, although diabetic patients have a statistically significant lower score for general health as do patients with cytomegalovirus retinitis. Ocular pain, not generally considered a hallmark of Graves disease, is more frequently experienced in Graves disease than in other diseases with VFQ benchmarks. Complaints of pain can often be elicited from Graves disease patients when queried, but this information is often not volunteered by the patient. Pain may accompany significant exposure keratitis or dry eye associated with eyelid malposition or assume a pressure quality due to periorbital swelling, extraocular muscle enlargement, or an increase in orbital fat volume associated with proptosis. Among visually impaired groups, only patients with low vision and macular degeneration have overall VFQ-25 scores lower than patients with Graves disease, although this difference is statistically significant only with the lowvision group.
Validation of VFQ subset scores by comparison to national VFQ-25 reference cohort and to our control group shows that our reference group is statistically similar to the national reference group. Only the general health subscore varied significantly, suggesting that our control group, composed of employees at our university eye center, perceived that they were healthier than the national normative group. The comparison of Graves patient subscores to our control is likely valid as there was no significant difference in comorbidities between the control group and the Graves study group. The difference in general health perceptions between the control group and national control cohort may reflect the thoughts of gainfully employed individuals in the health care field.
The correlation of individual questionnaire items to clinical measures of disease and to the overall VFQ was undertaken to establish a short quality-of-life questionnaire with clinical disease severity correlation. Although measures of disease burden can be objectively assessed, how each parameter relates to the overall measure of clinical severity of Graves disease is controversial. The NO SPECS classification proposed by Werner and subsequently promoted by the American Thyroid Association has been the subject of debate and criticism since its introduction in 1969. 7, 8, 60 Bartley has highlighted these objections and reviewed alternative classifications of Graves disease severity or activity. 7 Few would argue with Perros and associates, 61 who stated that "the ideal system for grading TAO [thyroid-associated ophthalmopathy] does not exist."
It was not the purpose of this investigation to propose or promote a particular method of grading disease burden in either its severity or its intensity. Although it is difficult to classify disease severity by a single score or index, arguably one can more easily define and measure clinical parameters that affect a single clinical function. For this study, we chose to measure disease burden in each of four areas of potential clinical involvement, namely, myopathy, neuropathy, exposure keratopathy, and cosmesis. These measures were determined for the purpose of using these four individual measures for clinical correlation with quality of life. Although this division of clinical involvement in Graves disease may seem arbitrary, these four areas represent the classifiable complications of the disease. The degree of myopathy, neuropathy, keratopathy, and cosmetic deformity was easily quantified and their effect on quality of life assessed. A single clinical measure (eg, eyelid retraction) may contribute to more than one of the four areas of clinical involvement. Eyelid retraction, for example, may be a manifestation of a myopathy involving the levator palpebrae superioris muscle but may also contribute to cosmesis and exposure keratopathy. Myopathy score would also include a motility score and a score for presence of diplopia, whereas a score of cosmesis includes a measure of periorbital edema and proptosis.
Of the four clinical severity scores, neuropathy is the most highly correlated with the VFQ scores. This is not a surprising result when comparing patients with Graves ophthalmopathy to other visually impaired groups. Considering the VFQ, those who had low vision or who had potential loss of central vision had the lower total VFQ scores. Those with Graves disease have VFQ scores that are statistically indistinguishable from those with macular degeneration.
Myopathy and cosmesis had a lower correlation than patients afflicted with neuropathy. Those with exposure keratopathy had the lowest correlation with VFQ scores. A lower correlation suggests that quality of life is multifactorial and our measures of clinical involvement have little relationship with an individual patient's perception of the impact of the disease on the quality of his or her life. This result is similar to the findings of Terwee and associates, 53 who suggested that this lack of correlation is the essence of healthrelated quality-of-life measurements. The low correlation between the objective measure of proptosis and the subjective perception of changed appearance by the patient illustrates well the lack of correlation between a physician's objective findings and the patient's subjective perception. Indeed, quality-of-life questionnaires appraise patient perceptions and may provide information of the effect of a disease beyond a physician's objective assessment.
All questionnaire items were analyzed in regard to their correlation with clinical severity measures as well as with the overall VFQ scale validity to develop a valid quality-of-life questionnaire that could be easily administered. Although the administration of multiple validated quality-of-life instruments may be useful to measure quality of life in a Graves disease cohort, items within such a questionnaire may overlap and a lengthy questionnaire may be impractical and laborious to administer. Nine items of the 105-item questionnaire correlate with clinical measures of disease severity and have validity on face value, as well as showing high correlation with the overall VFQ. We propose these nine items as the Graves Ophthalmopathy Quality-of-Life Scale (GO-QLS) (Appendix 3).
Pearson correlation for the proposed GO-QLS ranged from -0.21 for keratopathy to -.049 for neuropathy and may be considered fair to excellent, respectively, for a quality-of-life questionnaire. One-to-one correlation is not expected nor anticipated, because a patient's subjective perception and the physician's objective measurement of a physical parameter may differ.
When comparing our proposed GO-QLS to the GO-QOL of Terwee and colleagues, both show the negative impact of this disease on the quality of life of those so afflicted. Although results are similar, how the results were obtained are not. Of the 70 patients completing Terwee's questionnaire in the Netherlands, 46 patients were administered a questionnaire culled from the VF-14, the ADVS, and the VR-SIP, that were "considered relevant for patients with Graves ophthalmopathy" based on discussions with patients and experienced physicians. Additional questions were asked of the remaining 24 patients after completing a questionnaire with openended questions about signs, symptoms, and problems associated with their disease. Although these items may be relevant, questions chosen a priori may not fully evaluate the overall visual quality of life or permit correlation to national standardized norms or to other vision-impaired groups. Questions regarding cycling, a common mode of transportation in the Netherlands, are less applicable to the US population, who heavily rely on the automobile. Whereas the GO-QOL survey queries limitations with reading, driving, and hobbies, we found little correlation between the overall vision quality of life and disease severity with these functions. The proposed GO-QLS, in contrast, shows that activities related to visual discrimination are most correlated with visual quality of life. These activities would include finding an object on a crowded shelf, recognizing facial features from across a room, or enjoying a movie or sporting event. In each of these visual activities, a patient is confronted with multiple visual stimuli or required to discriminate objects or features. Although walking was not specifically impaired, noticing objects to the side while ambulating is problematic and correlates with myopathy associated with Graves disease. Each of these queries in the GO-QLS correlates with the overall VFQ-25 score and was selected a posteriori by correlation with disease severity correlation and validated on face value.
Self-assessment of health by the patient presents an opportunity to evaluate the effect of treatment from the patient's perspective. The patient's evaluation of the effects of treatment of Graves disease was recommended by a joint committee of the thyroid association as early as 1992 6, 15 and increasingly is being required in national collaborative studies of eye disease. This study, as well as those of Terwee and associates, 6, 17 assists in identification of important determinates of health-related quality of life that will allow a better assessment of treatment modalities and patient care.
Limitations of this study include a relatively low response rate to the questionnaire mailing. Only 203 (62%) of 325 questionnaires were returned. Assessment of respondent bias by administration of the questionnaire to 53 consecutive patients showed no difference between the two groups, suggesting that the mailed questionnaire was statistically representative of patients presenting to an academic medical center for evaluation of ophthalmopathy. Although this study has shown a reduced quality of life in patients with Graves ophthalmopathy that is comparable to other visually impaired groups, the value of a questionnaire can only be assessed by its use prospectively. Such an instrument is useful only if it can measure changes in an individual's quality of life associated with changes in disease severity or can denote changes in quality of life associated with treatment. The sensitivity of the proposed GO-QLS in detecting these changes and its utility in assessing changes in quality of life associated with treatment has not yet been assessed and is the subject of future study. Given the prevalence of Graves disease and the uncertainly of optimal treatment, 62-64 quality-of-life measures may play an important role addressing issues surrounding treatment in this disease.
In summary, patients with Graves ophthalmopathy show a reduction in both physical and mental health measures. Self-image is also reduced when compared with control subjects. When compared with other visually impaired groups, vision-related quality of health is similar to those patients afflicted with diabetic retinopathy or age-related macular degeneration. Only patients with low vision show a greater reduction in quality of life than those aforementioned groups. Pain, commonly experienced by the patient afflicted with Graves disease, is uncommon in other vision-impaired groups. Correlation with objective clinical measures of disease severity is moderate in patients with compressive optic neuropathy and correlates to a lesser degree in patients with myopathy or exposure keratopathy.
Cosmesis correlates poorly with quality-of-life measures using previously validated quality-of-life instruments. Correlation of questionnaire items with clinical measures of disease severity and of face value validity yielded a short Graves Ophthalmopathy Quality-of-Life Scale (Appendix 3) that correlates highly with the NEI-VFQ. This scale may be a useful instrument to evaluate the effect of therapeutic interventions in the treatment of this disorder. 
APPENDIX 1
APPENDIX 2 GRAVES CLINICAL WORKSHEET
The clinical records of the Graves study group were reviewed and graded in regard to four categories: (1) myopathy, (2) compressive optic neuropathy, (3) exposure keratopathy, and (4) soft tissue changes and cosmesis. A particular manifestation of Graves disease, such as eyelid edema or chemosis, may contribute to the soft tissue/cosmesis score but not to other categories. In contrast, eyelid retraction may be a manifestation of an orbital myopathy and may also contribute to exposure keratopathy. Therefore, eyelid retraction may contribute to the score for each of these categories. Scores on individual categories were graded as absent, mild, moderate, or severe based on the total score in each category. Scores are given in the parentheses below each individual observation. The minimum score for each category is zero; the maximum score is given below. 
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